Abstract-The computer simulation of the kinetic scheme advanced for the thermostimulated polyconden sation of aspartic acid in the solid phase is performed. The scheme includes the autocatalytic growth of a poly meric chain followed by polymer dehydration. This process occurs simultaneously in two matrix zones with identical reaction products but different rate constants. Arrhenius parameters for each of the four chemical stages are defined via solution of the inverse kinetic problem. The functions obtained in the simulation almost coincide with kinetic curves obtained for three regimes of two thermochemical research methods: thermo gravimetric analysis and differential scanning calorimetry. The parameters thus obtained can be described by the compensation effect curve with a linear dependence between the logarithm of the pre exponential factor and the activation energy. It was proposed that the bimolecular chain growth reaction in one of the zones pro ceeds by the monomolecular mechanism.
INTRODUCTION
Currently, the results of a huge amount of investi gations into polycondensation reactions of amino acids of biological origin in general and aspartic acid in particular have been published. In the latter case, the structure of products of numerous chemical transfor mations occurring during the process has been studied well. The data on the influence of reaction conditions on the composition of polycondensation products and their molecular mass are available in the literature. Nevertheless, the molecular and kinetic mechanism of aspartic acid polycondensation remains largely unclear. One of the main causes of this circumstance is the lack of publications devoted to the investigation of the process at the quantitative level in terms of kinetic parameters. Thus, an attempt was made to gain this information for polycondensation of aspartic acid in solution [1] . Although modern techniques were used to obtain and process the experimental data, the resulting quantitative characteristics were of the prob abilistic nature owing to the complexity of the ana lyzed system. In [2] , the kinetics of solid phase poly condensation of aspartic acid was studied via dynamic TGA.
The rate of weight loss, according to the data from [2], first increases with increasing temperature and then decreases to the minimum value. Next, a second increase in rate is observed. Thus, TGA curves have two rate maxima. The authors of [2] explained this fact at the qualitative level as evidence for two stage poly condensation. During the first stage, poly(aspartic acid) (PAA) is formed, while at the second stage, as a result of its polymer analogous transformation, the final product, polysuccinimide (PSI), is formed. However, the cause of three extrema on the kinetic curves of mass loss is not due to the succession of the two reactions leading to the final product but due to features of the matrix's influence on solid phase pro cesses. This fact was shown at the quantitative kinetic level in our previous publications [3, 4] with the use of isothermal TGA.
It is worth mentioning that TGA should be quite useful in general for the study of such processes as polycondensation, where low molecular mass vola tile products form at every elementary act of the com plicated conversion. However, the dynamic and iso thermal variants of techniques have some drawbacks. In the isothermal method, shortcomings are due to the period of heating to the required temperature, during which some of the reaction products can be formed. In this case, the time when the reaction begins becomes indefinite. Nevertheless, at a low tempera ture, the time of reaction can become abnormally long and some device characteristics, such as the baseline drift, may influence the final result. In the dynamic regime, continuous temperature change, especially in complicated chemical processes, leads to some diffi culties in interpreting the results. Thus, for example, the calculation of kinetic parameters based on the Osawa-Flynn-Wall analysis [5] , which is widely accepted in thermochemistry, is called model free; that is, it has no kinetic scheme except the first order reaction. Other approaches [6, 7] to kinetic scheme simulations based on dynamic TGA and DSC data include only monomolecular processes. Kinetic parameters obtained through these methods do not correlate directly with the reaction mechanism. The general drawback of both TGA regimes is the possible distortion of kinetics due to diffusion difficulties of the liberation of the volatile product. However, in one of our previous studies [4] , it was shown that diffusion obstruction for water liberation from the reaction zone can be disregarded.
Kinetic Parameters for Solid Phase Polycondensation of L
In this study, we have made an attempt to investi gate the polycondensation of aspartic acid with the use of TGA and DSC of various modifications, namely isothermal, dynamic, and pseudoisothermal, that is, dynamic but characterized by a very slow temperature growth. A comparison of the kinetic parameters obtained, as was assumed, should give reliable infor mation about the reaction mechanism in such a com plicated system of parallel-consecutive chemical reactions proceeding in kinetically nonequivalent areas of the solid phase.
EXPERIMENTAL
The object of the kinetic investigation of thermal polycondensation was pharmaceutical grade aspartic acid (Panreac, Spain) in the temperature range 170-228°С.
Since the thermally simulated conversion of aspar tic acid into PSI is accompanied by the release of water (under reaction conditions, this is the volatile side product), the kinetics of reaction was studied via TGA. All measurements were conducted on a PerkinElmer TGA 7 instrument in air or in a flow of argon.
DSC measurements were performed on a Perkin Elmer DSC 7 instrument. Isothermal DSC thermo grams were registered until full solid phase conversion of aspartic acid into PSI was attained. To correct the baseline drift during time consuming experiments, each sample was reheated under identical conditions after the end of reaction. Then, the second thermo gram, related only to a change in the heat capacity of the sample in a cup and the baseline drift of DSC mea surement throughout the whole experiment, was sub tracted from the first DSC thermogram, reflecting the solid phase conversion of aspartic acid into PSI.
Solution of the reverse kinetic task, namely, calcu lation of the rate constants of separate stages of chem ical conversion from the total kinetic curve, was done with Netzsch Thermokinetics software. In this pro gram, the calculation was performed for a certain set of kinetic schemes. In our case, we selected the kinetic scheme , where A is aspartic acid, B and D are PAA, and C and E are PSI.
In the scheme, it is assumed that the chain growth reactions (reactions 1 and 3) in both matrix zones are autocatalytic, where catalysis is fulfilled by the prod uct of these reactions, while subsequent dehydration reactions 2 and 4 in a polymer (oligomer) accompa nied by formation of a succinimide cycle are simple monomolecular reactions.
In accordance with this variant, the conversion of the initial substance proceeds simultaneously via two pathways that are similar in terms of reaction products but different in rate constants. Each of these pathways proceeds via the autocatalytic stage (reactions 1, 3) of polymer chain growth followed by the first order dehydration reaction (reactions 2, 4).
RESULTS AND DISCUSSION
Experimental data and calculation results of 11 iso thermal TGA curves obtained in the temperature range 182.4-227.9°С are shown in Fig. 1 . It is clear that the above kinetic scheme almost ideally describes the experimental data in a wide temperature interval that lead to a two fold change in the maximum rates of the process. The same scheme fairly well describes experiments in the dynamic TGA regime as well (see Fig. 2 ) in the range of heating rates from 5 to 20 K/min.
In the DSC method, heat absorbed during the reaction that should be unambiguously related to kinetics of the process is measured. Hence, the DSC measurements should obey the same kinetic scheme.
From the figures, it is clear that the calculated kinetic parameters are in excellent agreement with the experimental data. For comparison of the computer simulation and the experiment, the correlation coeffi cient is found to be 0.9999. Similar calculations performed for the pseudoiso thermal DSC study of aspartic acid are shown in Fig. 3 . The temperature was increased at rates of 0.1, 0.2, 0.3, 0.4 and 0.5 K/min. In the case of DSC, the data were corrected for weight loss, which was esti mated by means of TGA. The same figure shows theo retical curves and experimental data for DSC experi ments in the so called pseudoisothermal regime, where temperature increases slowly: at a rate of less than 1 K/min. It is clear that the calculated curves sat isfactorily fit the experimental data. Nevertheless, 
